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1. INTRODUCTION 
Proteins of the type L7/L12, being intimately in- 
volved in the elongation step of protein bio- 
synthesis, occur in the large subunit of eubacterial, 
archaebacterial and eukaryotic ribosomes [1-5]. In 
[6] we reported on the primary structure of eLl2/ 
eLI2-P, the main L7/Ll2-type protein found in 
Artemia salina 60 S ribosomes. More data pertain- 
ing to the primary structure of other eukaryotic 
L7/L12-type proteins [4,7,8] as well as the com- 
plete primary structure of the yeast [9] and rat liver 
[10] proteins, revealed much similarity between the 
eukaryotic species, and a more distant relationship 
with their archaebacterial counterparts [111. Direct 
sequence homology with the eubacterial proteins is 
low [4,12], although all these proteins have about 
the same Mr-value and share common properties 
like acidity, dimerization in aqueous olution, and 
the presence of alanine-rich regions. A region pre- 
ceding Gly-31 (using A. salina eL12/eLI2-P num- 
bering) in eukaryotes and archaebacteria, and Gly- 
62 (using E. coli L7/L12 numbering) in pro- 
karyotes, having the general characteristic -a -b -  
c -d -e -G ly - ,  in which a = lie, Val; b = Leu, 
Val; c = frequently a polar residue; d --- Ala, Ser, 
Gly and e = Ala, Val, is found in all L7/Ll2-type 
proteins equenced so far [12]. The region in pro- 
karyotic species has been brought in relation with 
an anion (nucleotide) binding site I13]. 
The occurrence of a second acidic protein in the 
large subunit of A. salina [12,14,15] and other eu- 
karyotic ribosomes [16,17] has been reported. 
Here, we present the complete primary structure of 
protein eLI2'/eLI2'-P of A. salina; we compare 
this structure with that of the ribosomal proteins 
eLI2/eLI2-P from A. salina [6]. YP AI from yeast 
[9], HL20 from Halobacterium cutirubrum [18], and 
the N-terminal regions of protein A' from Meth- 
anobacterium thermoautotrophicum [11] and wheat 
germ [4,7]. 
2. MATERIALS AND METHODS 
Protein eLI2'/eLI2'-P was isolated from cysts of 
A. salina as in [14,19]. The protein was free from 
eL12/eLI2-P and other proteins, as checked by 
SDS electrophoresis and isoelectric focussing. A 
mixture of the phosphorylated and non-phos- 
phorylated form was used. 
2.1. Enzymatic digestions 
Digestions with trypsin, Staphylococcus aureus 
protease, and pepsin were performed as in [61. 
Limited digestion with chymotrypsin, treated with 
I-chloro-2-amido-7-amino-2-heptanone hydro- 
chloride (TLCK) (Sigma) was done in 0.2 M am- 
monium carbonate (pH 8.5) at room temperature 
for 30 min; the peptide:enzyme weight ratio was 
25:1. Digestions with elastase (Merck) were per- 
formed in 0.2 M ammonium carbonate (pH 8.5) 
for 3 h at 37°C with a peptide:enzyme w ight ratio 
of - 25: 1. 
2.2. Citraconylation and tryptic digestion 
The protein was citraconylated in the presence 
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of 8 M urea as in [20]. After 2 h at room tempera- 
ture, the reaction mixture was diluted with a 3-fold 
vol. of water, and digested with l-chloro-4-phenyl- 
3-tosylamido butan-2-one (TPCK) treated trypsin 
for 3 h at 37°C with a protein:enzyme weight ratio 
of 10:l. Carboxypeptidase Y (Sigma) digestion 
was performed as in [22]. Partial acid hydrolysis 
was performed according to [21]. BrCN digestions 
were performed in 70% (v/v) HCOOH containing 
1% 2-mercaptoethanol with a BrCN :protein weight 
ratio of -20:1, for 20 h at room temperature un- 
der an atmosphere of argon in the dark. 
2.3. Peptide separations 
Small peptides (~< 25 amino acid residues) were 
separated by conventional peptide mapping on 
thin-layer plates [8,14] or by reversed-phase, high- 
performance liquid chromatography, with a linear 
gradient of 0-50% CH3CN in 20 mM tert-butyl- 
ammonium acetate (pH 6.0) as will be described in 
[231. 
Large peptides (e.g., BrCN-generated peptides 
with > 25 amino acid residues) were separated by 
gel filtration in the presence of SDS as will be de- 
scribed [23]. 
Amino acid analysis was performed on a Beck- 
man Multichrom M amino acid analyzer. Hydro- 
lysis was either in 6 M HC1, containing 0.05% 2- 
mercaptoethanol f r20 or 48 h at 110°C, or in pro- 
pionic acid/12M HC1 (1:1, v/v) for 15min at 
160°C [24]. 
Manual sequencing, using N,N-dimethylamino 
azobenzene 4-isothiocyanate (DABITC), was ac- 
cording to [25]. The DABTH amino acids were 
identified by thin-layer chromatography [25] and 
by amino acid analysis after back-hydrolysis in HI 
[26] or 6 M HCI containing 0.1% (w/v) SnC12 [27]. 
Solid phase sequencing was done as in [28]. Liq- 
uid phase sequencing was performed on a Beck- 
man Model 890 C sequencer, with the 0.25 M 
Quadrol Program, in the presence of polybrene 
[29]. 
The PTH amino acids were identified by re- 
versed-phase, high-performance liquid chromatog- 
raphy [30], and also by amino acid analysis after 
back hydrolysis. 
3. RESULTS AND DISCUSSION 
Fig.1 depicts the strategy of the sequence deter- 
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Fig.l. Schematic outline of the preparation of peptides, 
used for the determination f the primary structure of 
protein eLI2'/eLI2'-P. The intact protein was digested 
with trypsin (a), pepsin (b) and S. aureus protease (c). 
The intact protein was cleaved at Arg-31 with trypsin 
after citraconylation (d). Two peptides resulted: (1) The 
N-terminal peptide 1-31 was cleaved at Tyr-9 by a mild 
treatment with chymotrypsin (e); a subdigestion of the 
resulting N-terminal nonapeptide 1-9 was performed 
with dilute HC1 (f); (ll) The C-terminal peptide 32-108 
was cleaved with BrCN (g), and with elastase (h). The 
latter treatment was also performed on BrCN peptide 
32-102 (i). 
mination of protein eL12'/eLI2'-P; fig.2 shows the 
complete sequence. The protein has 108 amino 
acid residues, and is therefore slightly shorter than 
the other L7/Ll2-type eukaryotic proteins se- 
quenced so far. The protein chain starts with a 
blocking group, which has not yet been deter- 
mined with certainty. As in the case with protein 
eLI2/eLI2-P, Ser-95 is partially phosphorylated 
[6,14]. 
If one compares the sequence of protein eL12'/ 
eL12'-P, with that of eL12/eL12-P [6] and other 
eukaryotic and archaebacterial L7/Ll2-type pro- 
teins, the following interesting features become ap- 
parent (fig.3). 
(1) The C-terminal 22 residues of both Artemia 
proteins are identical; the preceding alanine- 
rich regions are not identical but show exten- 
sive homology. A substantial similarity be- 
tween these stretches of eL12'/eLI2'-P and the 
corresponding regions in YP A1 from yeast and 
HL 20 from H. cutirubrum is also observed. 
(2) The N-terminal regions of both Artemia pro- 
teins, however, show much less homology: in- 
deed, only 6 out of the first 35 residues are 
identical, whereas 14 other residues may be re- 
lated by single base mutations. The homology 
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(a) trypsin 
(b) pepsln 
(d) citrac/trypsin 
(e) chymotrypsin 
(f) part. acid hydrol. 
X ALA SER LYS ASP GLU LEU ALA VAL TYR ALA ALA LEU ILE LEU LEU ASP ASP ASP 
I I F-- I I | I 
I 
I I I I 
(a) trypsin 
(b) pepsin 
(c) S.a. prot. 
(d) eit/trypsln 
(e) chymotrypsln 
(g) BrCN 
VAL VAL ILE THR THR GLU LYS VAL ASN THR ILE LEU ARG ALA ALA GLY VAL SER VAL GLU 
, II II 
:=I  I II i , tl j ...... 
I 
II 
I 
I 
(a) trypsin 
(b) pepsin 
(c) S.a. prot. 
(d) cit/trypsin 
(g) BrCN 
PRO TYR SER PRO GLY LEU PHE THR LYS ALA LEU GLU GLY LEU ASP LEU LYS SER MET ILE 
- -  t t  . . . . . . . .  I1,,, 
, t ' 
II 
i ii 
I~.-- 
(a) trypsin 
(b) pepsln 
THR ASN VAL GLY SER GLY VAL GLY ALAALA PRO ALAALA GLY GLY ALA ALA ALA ALA THR 
(c) S.a. prot. 
(d) cit/trypsin 
(g) BrCN 
(a) trypsin 
(b) pepsin 
(c) S.a. prot. 
(d) eit/trypsin 
GLU ALA PRO ALA ALA LYS GLU GLU LYS LYS GLU GLU LYS LYS GLU GLU SER GLU GLU GLU 
I t  |~ ....... I I  
I 
I 
(h) elastase 
(g) BrCN 
(i) elastase 
(a) trypsin 
(b) pepsin 
(e) S.a. prot. 
(d) eit/trypsin 
(h) elastase 
(g) BrCN 
(i) elastase 
ASP GLU ASP MET GLY PHE GLY LEU PHE ASP 
I 
t J ..... 
I 
Fig.2. The primary study of protein eL 12' (eL 12' (P)) ofA. salina ribosomes: ( - - )  isolated peptides; ( ) identified 
residues. Tryptic (a), peptide (b) and S. aureus protease (c) peptides were sequenced mostly by manual techniques [25]. 
Peptides 10-31, 32-108, 32-57, 58-102, 83-108 and 83-102 were sequenced with the Beckman sequencer, peptide 
56-84 with the solid phase sequencer, as indicated. Peptides 1-9, 1--3 and 4 -9  were sequenced with carboxypeptidase- 
Y. See for further details also the legends of fig. 1. 
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M.t. 'A' 
H.c. HL20 
A.s. eLl2' 
A.s. eLl2 
yeast YPAI 
w.g. 'A' 
MEY I Y A A M L L H  T TGKE I NE  ENVK S VLE  AAGA 
MEy VYAAL  I LNE ADE E L T EDN I T GVLE AAGV 
XAS KDE LAVYAAL I LLD DDVV I T TEKVN T I LRAAGV 
MRY VAAY LLAAL  S GNADP S TAD I EK  I L S S V G I 
MKYLAAY LLLVQ GGNAAP S AAD I KAVVE S V GA 
MKL I AAYLLAY LGGN S S P S AAD VKD I L NAV GA 
F 
M.t. 'A' 
H.c. HL20 
A.s. eLl2' 
A.s. eLl2 
yeast YPAI 
w.g. 'A' 
E V D D A R V K A L  IAALE  DV 
DVE E S RAKAL  VAALE DVD . I E . . . . . . . . . . . . . .  E 
S VE  PY  S P GLF  TKALE GLD . LK  . . . . . . .  S M I  TNV G S 
E CNP S QL  QKVMNE LKGKD . LE  AL I  AE  GQ TKLAS MP T 
E VDE ARINELL  S S LE  GKG S LEE  I I AE  GQKK FATVP T 
E ANE EKLE  F LLAE LKGK 
H.c. HL20 
A.s. eLl2' 
A.s. eLl2 
yeast YPAI 
A V E E A A A A . . P A A A P A A S G S • B D E A A A S(BI2Z7G4PIA 4) 
GVGAAP A A G G A A A A T E  APAAKEE KKE EKKE E S E EE  D 
GGAP A A A A G G A A A A P  AAE A . KEAKKE EKKE E S E E ED 
GGAS S AGP AS  AGAAA GGGD AAE EKE E E AKE E S • • • D 
H.e. HL20 
A.s .  eL l2 '  
A .~.  eL12 
yeast YPAI 
GLDLFG 
E D M G F G L F D  
E D M G F G L F D  
D D M G F G L F D  
Fig.3. Sequence comparison of protein eLl2' with protein eL12 (both ofA. salina) protein HL20 of H. cutirubrum [19], 
YP AI of yeast [9], and the N-termini of protein 'A' of M. thermoautotrophicum [11] and wheat germ [4,7]. Only a 
restricted number of deletions have been admitted to align the 3 chains. The sequence of eL12 given here contains the 
following additions/corrections with respect to the published one [6]: residues 13 and 9 are Ser instead of Thr; residue 
20 is Thr; and residue 34 is Cys [23]. 
with the N-terminal regions of the other eu- 
karyotic proteins shown (and protein P2 from 
rat liver [10]) is equally weak. There is, sur- 
prisingly, a large sequence homology between 
eL12'/eL12'-P and HL20 of H. cutirubrum: 14 
out of the first 35 residues are identical; 9 other 
residues could be related by single base muta- 
tions. Comparison of the N-terminal sequences 
with other eukaryotic and archaebacterial L7/ 
Ll2-type proteins confirm the close-relation- 
ship of this part of eL12' with the archaebac- 
terial species. 
The occurrence of two structurally different 
eL12-type proteins in eukaryotic organisms poses 
questions not only on their evolutionary relation- 
ship, but also on their possibly asymmetric dis- 
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tribution over the ribosome population [12], as 
well as their specific functional role in protein syn- 
thesis. Studies concerning these questions are in 
progress. It is interesting to note that the ap- 
pearance in eukaryotes of 'gene families' for at 
least some other ribosomal proteins has been de- 
scribed (see discussion in [31]). 
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